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Abstract

Purpose: To compare the perioperative outcomes of robot-assisted partial nephrectomy (RAPN) with open
partial nephrectomy (OPN) in solitary kidneys.
Methods: Records of 1542 consecutive RAPN performed in five high-volume centers (2007–2013) were reviewed
for patients with solitary kidneys. Results were compared with solitary OPN cases performed during the same
period. Cases were divided into simple (R.E.N.A.L. nephrometry score 4–8) and complex (R.E.N.A.L. 9–12) groups.
Demographics, surgical, pathologic, and follow-up data were compared between OPN and RAPN in each group.
Results: 40 RAPN and 85 OPN cases were identified. For both tumor complexity groups, patients in each
treatment modality were comparable. There were higher proportions of OPN cases in the complex group (61.2%
vs 25%; P = 0.001). For both complexity tumor groups, there was no statistical difference between the treatment
modalities in overall intraoperative/postoperative complications, transfusion rate, and positive surgical margin
(PSM) rates. Patients in the RAPN group had a shorter length of hospital stay. For the entire cohort, there was
no difference in estimated glomerular filtration rate preservation beyond 1 month (OPN 80.51%, RAPN
81.29%). Limitations include retrospective, nonrandomized nature of the series and small number of cases in
the RAPN groups.
Conclusions: In the solitary kidney, RAPN offers comparable perioperative and short-term functional outcomes
for localized tumors with low R.E.N.A.L. score. For more complex tumors, our early experience suggests comparability, but these results were obtained in selected cases and future studies will need to validate these results.
Introduction

N

ephron-sparing surgery (NSS) is the current standard
of care for the treatment of patients with small renal
masses.1 Solitary kidney is an imperative indication for performing partial nephrectomy (PN). In the past two decades,
other modalities for definitive management of the small renal
mass have emerged, but PN remains the cornerstone of surgical treatment in this setting.2
Although utility of robot-assisted partial nephrectomy
(RAPN) in this setting has been reported,3 there is a paucity
of data in the literature regarding comparison of this method
with the open technique. The previous publications have not
been comparative4 or only compared the outcomes of RAPN
with other minimally invasive techniques.5,6 Also, given the

selection biases associated with surgeon experience and
choice of modality of surgical approach, direct comparison of
results of different series without consideration of such factors as well as tumor complexity and patient characteristics is
not possible.
In this study, we aim to compare the perioperative outcomes
of RAPN with those of open partial nephrectomy (OPN) in
patients with solitary kidneys.
Method

After obtaining Institutional Review Board approval, we
retrospectively reviewed records of 1542 consecutive cases
of RAPN performed in five high-volume centers across the
United States from 2007 to mid-2013. We compared these
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results with the results of OPN for clinically T1/T2 renal
neoplasms in solitary kidneys performed during the same
period. Our inclusion criteria encompassed NSS in the setting
of the solitary kidney. Cases where the contralateral kidney
contributed more than 10% toward total glomerular filtration
rate (GFR) were excluded from the study.
To make the groups comparable and to control for variations in tumor complexity across the two treatment arms, we
stratified cases according to the radius, exophytic/endophitic,
nearness to collecting system or sinus, anterior/posterior,
and location relative to polar lines (R.E.N.A.L.) nephrometry
score7 into simple (R.E.N.A.L. score 4–8) and complex
(R.E.N.A.L. score 9–12) groups.
The choice of surgical modality, OPN or RAPN, was at the
discretion of the primary surgeon and was decided on a case
by case basis. All procedures were performed by experienced
surgeons who were beyond their learning curves for the given
treatment modality. Demographics, surgical, pathologic, and
follow-up data were compared between OPN and RAPN
in each R.E.N.A.L. score complexity group. These included
age, sex, body mass index (BMI), Charlson Comorbidity
Index (CCI), proportion with CCI ‡ 5,8 American Society
of Anesthesiologists score, preoperative/pathologic tumor
size, ischemia time (cold and warm) and type, estimated
blood loss, operative time, intraoperative complications,
length of stay, pathologic data, postoperative complications,
and percentage (%) of GFR preservation on day 3 and beyond
3 months.
For the RAPN group, we also assessed the number of
solitary cases during each 500 RAPN cases performed by
all of the five surgeons (every 100 case per surgeon). GFR
was calculated by using the Modification of Diet in Renal
Disease formula. Percentage of GFR preservation was defined as a ratio of postoperative GFR at 4 to 10 months
compared with the preoperative GFR. Chronic kidney disease (CKD) was defined as GFR <60 mL/min/1.73 m2.
Margin status was assessed by final pathologic evaluation.
Postoperative complications were graded according to the
Clavien classification.9
Continuous data with normal distribution variables are presented as mean – standard deviation. Mean values are compared using the Student t test. For variables with nonnormal
distribution, data are presented as median (interquartile range
[IQR]), and the groups are compared using the Mann-Whitney
U test. Categorical variables are compared using the chi-square
test. Significance was set at P < 0.05. All analyses were performed using SPSS v21 software (IBM SPSS Statistics, Armonk, NY: IBM Corp).
Surgical technique

The surgical technique for RAPN was relatively similar
across the five participating institutions and has been described previously.10,11 The transperitoneal route was used
in all the cases, and zero ischemia was used selectively. Intracorporeal renal parenchymal cooling was not used in any
of the RAPN cases.
OPN technique was relatively similar across the cohort and
has been described previously. The extraperitoneal flank
approach was used in the majority of cases, and parenchymal
cooling was used selectively. Intravenous mannitol was used
routinely for all OPN and RAPN cases.
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Results

A total of 125 patients (40 RAPN and 85 OPN) were
identified for the comparison (Table 1). The mean age of the
cohort was 61.42 – 11.1 years. Twenty (16%) patients had
a functionally solitary kidney ( <10% of function on renal
scan). From the patients with an anatomically solitary kidney,
82 (65.6%) patients had a history of radical nephrectomy.
Forty-one (32.8%) patients had a CCI of 5 or higher. Seventytwo (57.6%) patients had a preoperative estimated GFR of
less that 60 mL/min/1.73 m2 (CKD). The median preoperative tumor size was 3.5 cm (IQR 2.53). The median follow-up
time was 12 months (IQR 21.3).
During this time, five patients in the OPN and two patients
in the RAPN group died. There were two cancer-related death
in the OPN group and one cancer-related death in the RAPN
group. All the patients with cancer-related death had negative
surgical margins on final histologic evaluation. One of the
two patients in the OPN group had a 10 cm clear-cell renalcell carcinoma (RCC) (R.E.N.A.L. score 11, pT3a) and died 3
months postoperatively. The metastatic disease developed in
the other patient in the OPN group (R.E.N.A.L. score 10,
clear cell, pT1a), who died 4 years after the surgery. The
single cancer-related death in the RAPN group was in a patient with a high-grade papillary cancer (R.E.N.A.L. score 5,
pT1a) and history of contralateral radical nephrectomy (a
high-grade papillary cancer); malignant ascites developed in
the patient 1 year postoperatively. New CKD developed in 6
(16.2%) in the RAPN and 22 (26%) in the OPN group after
surgery (P = 0.5).
Figure 1 demonstrates the number of RAPN cases performed according to volume experience for the operating
surgeons. With increasing experience, the number of RAPN
cases in a solitary kidney and the number of RAPN for a
complex tumor in a solitary kidney increased.
There were 63 patients allocated into the simple group
(R.E.N.A.L. score 4–8) and 62 into the complex group
(R.E.N.A.L. score 9–12). Higher proportions of OPN cases
were in the complex group (61.2% vs 25% for RAPN;
P = 0.001). The pathologic features and staging information
of the tumors for each treatment arm are listed in Table 2.
Simple tumor complexity group (R.E.N.A.L. score 4–8)

A total of 63 patients (30 RAPN and 33 OPN) had a
R.E.N.A.L. score of 4–8 (Table 3). There was no statistically
significant difference between the RAPN and OPN patients
in term of age, BMI, sex distribution, or proportions of patients with CCI of ‡5. There was no difference in median

Table 1. Patient Demographics

Variables
Male sex, N (%)
Age, mean – SD (years)
BMI, mean – SD (kg/m2)
CCI > 5, N (%)
Preop CKD, N (%)

RAPN

OPN

P

40
32 (80)
61.3 – 10.7
30 – 5.4
6 (26.1)
21 (55.3)

85
54 (63.5)
61.5 – 11.4
31.7 – 6.6
35 (41.2)
51 (60)

0.06
0.92
0.17
0.19
0.62

RAPN = robot-assisted partial nephrectomy; OPN = open partia
nephrectomy; SD = standard deviation; BMI = body mass index;
CCI = Charlson Comorbidity Index; CKD = chronic kidney disease.
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FIG. 1. Trends in utility of robot-assisted partial nephrectomy (RPN) in patients with a solitary kidney depending
on tumor complexity. The data points, represent every 500
cases (100 per surgeon) performed during the surgeon’s RPN
experience.

R.E.N.A.L. score between the two groups (RAPN 6 vs OPN
7; P = 0.06). The intraoperative data were comparable between the two surgical methods; however, the median warm
ischemia time (WIT) in the RAPN group (15 min) was shorter
than the median WIT in the OPN patients (23 min) where this
was used. There was no difference between the groups in
terms of intraoperative complications (RAPN 3.3% vs OPN
0; P = 0.47). The single intraoperative complication belonged
to a patient in the RAPN group who required repair of renal
vein injury.
There was no difference between the groups in the rate of
postoperative complications. The high-grade complications
in the RAPN group consisted of two grade III complications,
one urine leak necessitating stent insertion, and one postoperative bleeding from pseudoaneurysm necessitating selective angioembolization. In the OPN group, high-grade

Table 2. Pathologic Characteristics
RPN
No.
Pathologic largest tumor
size, median (IQR) (cm)
Malignant, N (%)
T stage
T1a
T1b
T2
T3a
Histologic type, N (%)
Clear cell
Papillary
Chromophobe
Other
Angiomyolipoma
Oncocytoma
Other

OPN

40
2.8 (2.7)

85
3.7 (2)

33
21
7
1
4

(82.5%)
(52.2%)
(17.5%)
(2.5%)
(10%)

78
38
16
2
22

(92%)
(44.7%)
(18.8%)
(2.4%)
(25.9%)

17 (42.5%)
14 (35%)
2 (5%)
0
2 (5%)
3 (7.5%)
2 (5%)

66
9
2
1
1
6

(77.6%)
(10.6%)
(2.4%)
(1.2%)
(1.2%)
(7.1%)
0

RPN = robot-assisted partial nephrectomy; OPN = open partial
nephrectomy; IQR = interquartile range.

complications consisted of three grade III and four grade IV
complications. Grade III complications included two urine
leaks treated with stent insertion and one episode of urine
infection in a patient with a stent in situ necessitating stent
change. Grade IV complications consisted of two cases of
temporary dialysis and two intensive care unit (ICU) admission for nonurologic causes (pulseless cardiac arrest and
respiratory insufficiency).
The positive surgical margin (PSM) rates were comparable
between the two groups (RAPN 6.7% vs OPN 9%; P = 1.00).
The percentage of GFR preservation at the time of discharge (RAPN 78.6 – 23.2 vs OPN 65.3 – 33.2; P = 0.07) and
beyond 3 months postoperatively (RAPN 82.1 – 22.7 vs OPN
88.4 – 32.3; P = 0.5) was similar between the two groups. The
hospital length of stay was shorter in the RAPN group (3 vs 5
days; P < 0.001).
Complex tumor complexity group (R.E.N.A.L. score 4–8)

A total of 62 patients (10 RAPN and 52 OPN) had a
R.E.N.A.L score of 9–12 (Table 4). With regard to age, BMI,
sex distribution, or proportions of patients with CCI of ‡5,
there was no statistically significant differences between
RAPN and OPN patients. There was no difference in median R.E.N.A.L. score between the two groups (RAPN 9.5 vs
OPN 10; P = 0.42). The intraoperative data were comparable
between the two surgical methods. There was a trend toward
higher rate of intraoperative complications (RAPN 10%
vs OPN 1.9%; P = 0.06) in RAPN patients. Intraoperative
complications included one case of small bowel serosal tear
in the RAPN group. In the OPN group, the complications
consisted of one pleural injury, necessitating repair and chest
tube insertion. In the RAPN group, all of the tumors were
resected with warm ischemia; the mean WIT was 22.7 – 5.8
minutes. In the OPN group, 25(48%) of tumors were removed
under warm ischemia, and the mean WIT was 23.9 – 8.1
minutes.
Postoperative complication rates were similar between
RAPN and OPN patients—40% and 38.5%, respectively
(P = 1.99). The high-grade complication in the RAPN group
consisted of a case of urinary leak (Clavien IIIb), which was
managed successfully with ureteral stent insertion. There
were three grade IV complications in the RAPN group. These
included one ICU admission for managing high blood pressure and two cases of temporary dialysis. In the OPN arm,
there were six high-grade complications (three IIIs and three
IVs). The grade IIIs consisted of two postoperative bleedings
and one urinary leak. One of the two bleeding episodes necessitated selective angioembolization and the other one was
managed with a return to the operating room without the need
for nephrectomy. The urinary leak was managed successfully
with urinary stent insertion. The grade IV complications in the
OPN group consisted of three cases of temporary renal dialysis. Two had CKD stage II and one had CKD stage III pre-op
and all three upstaged one CKD stage after recovery.
The PSM rates were comparable between the two groups
(RAPN 10% vs OPN 7.7%; P = 0.5). The percentage of GFR
preservation at the time of discharge (RAPN 65.5 – 34.7 vs
OPN 55.4 – 26.4; P = 0.29) and at median 6-month follow-up
was (RAPN 80.3 – 23.7 vs OPN 74 – 22; P = 0.4) similar
between the two groups. The hospital length of stay was
shorter in the RAPN group (4 vs 6 days; P = 0.001).
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Table 3. Perioperative Outcomes of Robot-Assisted Partial Nephrectomy
and Open Partial Nephrectomy for Simple Renal Masses
Simple tumors (R.E.N.A.L. score 4–8)

No.
Pathologic largest tumor size, median (IQR) (cm)
R.E.N.A.L. score, median (IQR)
Tumors per kidney, median (IQR)
Operative time, mean – SD (min)
EBL, median (IQR) (ml)
Ischemic time (min)
Warm
N, %
Median (IQR)
Cold
N, %
Mean – SD
No ischemia
Intraoperative complications, N (%)
Transfusion, N (%)
Postoperative complications, N (%)
Clavien score
I
II
IIIa
IIIb
IVa
Hospital stay, median (IQR) (days)
Positive margin, N (%)
Follow-up time, Median (IQR) (months)

RPN

OPN

P

30
2.5 (2.35)
6 (2)
1 (0)
174.9 – 61.7
200 (300)

33
3.5 (1.6)
7 (3)
1 (1)
185.42 – 56.4
300 (300)

0.29
0.06
0.09
0.49
0.07

21, 70
15 (9)

18, 54.7
23 (19)

0.03

1, 3.3
8
8, 26.7
1 (3.3%)
6 (20%)
9 (30%)

7, 21.2
42.33 – 12.8
8, 24.2
0
5 (15.2%)
16 (48.5%)

0.47
0.61
0.13

3 (10%)
4 (13%)
1 (3.3%)
1 (3.3%)
0 (0%)
3 (5)
2 (6.7%)
7.8 (18.7)

6 (18.2%)
3 (9.1%)
1 (3%)
2 (6.1%)
4 (12.1%)
5.5 (3)
3 (9%)
14 (14.5)

0.33

0.001
1.00
0.29

R.E.N.A.L. = radius, exophytic/endophitic, nearness to collecting system or sinus, anterior/posterior, and location relative to polar lines;
RAPN = robot-assisted partial nephrectomy; OPN = open partial nephrectomy; IQR = interquartile range; SD = standard deviation;
EBL = estimated blood loss.

Discussion

PN when possible is the absolute indication for management of renal neoplasm in a solitary kidney. The initial experience with OPN was developed in this setting. With
growing experience, NSS has been performed for a variety
of tumors with relative or elective indications.1,2 Newer
minimally invasive techniques for NSS, however, have to be
tested and proven in these settings before their routine use
in the setting of solitary kidney. Previous publications have
compared the outcomes of OPN with laparoscopic partial
nephrectomy in the setting of solitary kidney.12 Before introduction of tumor complexity classifications,7,13 however,
direct comparison between surgical techniques lacked this
objective factor. Typically, even in centers in which there is a
high level of minimally invasive experience, more complex
tumors are performed with OPN. As a result, if the tumor
anatomic complexity are not accounted for, more complications could be associated with the open approach.14
In this series, we divided the tumors according to complexity, and although there are a higher percentage of complex tumors performed with OPN (61.2% vs 25%), overall
the patients in each complexity group are comparable at
baseline. For the less complex tumors (R.E.N.A.L. score 4–
8), we have demonstrated that the RAPN and OPN are
comparable. There was no difference in terms of complica-

tions, PSM, and overall functional outcome between the two
surgical techniques. The rate of surgical margins in the
RAPN group (6.7%) is higher than our previously reported
rate of 2.2%15 for this technique. This rate is because of only
two cases of PSMs and mainly reflective of small cohort size,
but could also reflect an attempt by the surgeon to resect close
to the tumor to minimize the amount of parenchyma that is
being removed during the resection (enucleation).
While some authors have sanctioned surgical enucleation
with oncologic outcomes equivalent to standard PN,16 others
have advocated some although minimum healthy renal parenchyma resection.17 Overall the incidence of PSM in the
solitary kidney PN series is higher than in patients with a
normal contralateral kidney.18 Also, there is controversy with
regard to considering surgical margins as a surrogate for
oncologic outcomes. Some studies have demonstrated that
PSM after PN increases the probability of local recurrence
without influencing cancer-specific survival,19 while others
have shown that PSM increases the risk of local recurrence as
well as metastasis.15
The median WIT for simple tumors was 15 (IQR 9) minutes, which is within the safe range of <25 minutes described
by Thompson and associates.20 Although a growing body of
evidence suggests that the amount of renal parenchyma removed rather than WIT is the determinant of final degree
renal function preservation,21,22 long WIT, especially in the
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Table 4. Perioperative Outcomes of Robot-Assisted Partial Nephrectomy
and Open Partial Nephrectomy for Complex Renal Masses
Complex tumors (R.E.N.A.L. score 9–12)

No.
Pathologic largest tumor size, median (IQR) (cm)
R.E.N.A.L. score, median (IQR)
Tumors per kidney median (IQR)
Operative time, mean – SD (min)
EBL, median (IQR) (mL)
Ischemic time (min)
Warm
N, %
Mean – SD
Cold
N, %
Mean – SD
Intraoperative complications, N (%)
Transfusion, N (%)
Postoperative complications, N (%)
Clavien score
I
II
IIIa
IIIb
IVa
Hospital stay, median (IQR) (days)
Positive margin, N (%)
Follow-up time, median (IQR), (months)

RPN

OPN

P

10
4.15 (2.9)
9.5 (1)
1 (1)
250.8 – 66
225 (288)

52
4.3 (2.1)
10 (1)
1 (0)
244.1 – 5 9.3
300 (263)

0.3
0.42
0.63
0.75
0.14

10, 100
22.7 – 5.8

25, 48
23.9 – 8.1

0.66

—–
1 (10%)
small bowel
serosal tear
0
4 (40%)

27, 52
46.9 – 18.4
1 (1.9%)
pleural injury
requiring chest tube
8 (15.4%)
20 (38.5%)

0
0
0
1 (10%)
3 (30%)
4 (1.5)
1 (10%)
4 (18)

10 (19.2%)
4 (7.7%)
0
3 (5.8%)
3 (5.8%)
6 (2)
4 (7.7%)
19.6 (29.7)

—
—
0.06
0.33
1.00
0.09

0.001
0.5
0.65

R.E.N.A.L. = radius, exophytic/endophitic, nearness to collecting system or sinus, anterior/posterior, and location relative to polar
lines; RPN = robot-assisted partial nephrectomy; OPN = open partial nephrectomy; IQR = interquartile range; SD = standard deviation;
EBL = estimated blood loss.

setting of preexisting renal impairment and solitary kidney,
is an important modifiable factor.23–26 The rates of intraoperative (3.3%) and postoperative complications (30%)
are slightly higher than in some of the published RAPN series,27 but they are comparable with results from other OPN
series for solitary kidneys.12,28,29 From a functional point of
view, with the mean follow-up time of 12 months, the degree
of GFR preservation was >80% (82.1 – 22.7) for the RAPN
patients with low tumor complexity. This is similar to previous published results for OPN series.12 The main difference between the open and robotic group was 2 days shorter
hospital stay in favor of the robotic cohort.
For more complex tumors, our results were similar between the two treatment arms; however, a significantly larger
number of cases were performed with the OPN technique.
The rate of intraoperative complications in the RAPN group
was 10%, and this was not statistically significantly different
from the 1.9% in the OPN group (P = 0.06). Both of these
values were because of a single intraoperative event in each
treatment arm, and it is fair to assume that the intraoperative
complications were similar between the two groups. Larger
cumulative experience with the OPN and also the ability to
perform the procedure under a cool ischemia condition allows the surgeon to perform complex tumor resection and

reconstruction with good functional and oncologic outcomes
and acceptable morbidity.12,24,30 Although this series has
demonstrated that RAPN in a solitary kidney with a tumor
with high nephrometry score is feasible, these results were
obtained in high-volume robotic centers and by very experienced robotic surgeons.
Overall, the cumulative robotic experience in this setting is
very limited and OPN remains the gold standard technique
for treating complex tumors in patients with a solitary kidney.
Future developments in RAPN techniques, including intracorporeal cooling,31 will allow urologists to further their
experience in the setting of PN and reproduce every aspect of
the open technique with a minimally invasive approach.
One criticism of this study is that the selection of cases for
the modality of PN was not randomized, and this is likely a
source of bias. With early RAPN experience, only simple
tumors were selected for this approach, but as shown in
Figure 1, with increasing experience, more complex tumors
in a solitary kidney were managed using this modality. Despite this, a larger volume of complex tumors in this setting
were managed with the OPN approach. The stratification of
the tumors according to complexity allowed us to compare
the outcomes between the two approaches, but overall volume experience for RAPN in this setting remains limited.

RAPN IN PATIENTS WITH A SOLITARY KIDNEY

For tumor stratification based on the R.E.N.A.L. score,
other authors have previously used a simple (R.E.N.A.L. 4–
6), intermediate (R.E.N.A.L. 7–9), and complex (R.E.N.A.L.
10–12) division.32 Given the small number of cases in the
RAPN group, we devised a two-group classification to allow
for adequate number of cases for analysis. This, although
unlikely to affect the results, but could make future comparison to the results of this study challenging.
Another criticism that could be raised is lack of matching
between the two groups in the study design. By finding a
matching case for every RAPN patient in the OPN groups,
many of the complex cases in the OPN group would have
been eliminated from the series. This could have falsely given
the impression of comparability, because percentages of
complex tumors between the two treatment modalities would
have appeared similar and also would have further reduced
the size of the already small, solitary kidney PN cohort.
Given the small number of cases and small number of events
of interests (complications, PSM), we did not perform any
multivariable analysis in this study. Trifecta and margin,
ischemia, and complication are some of the composite
outcomes that have previously been proposed for assessing
perioperative outcomes associated with PN27,33,34; however, given the liberal use of cold ischemia in OPN, direct
comparison of clamp time between the two groups was not
possible.
Retrospective, multi-institutional design of this cohort
could have affected certain aspects of our results. For example, the reporting of intraoperative complications was not
standardized, and it is likely that minor complications, such
as a small pleural/peritoneal tear in the OPN group or minor
issues such as difficulty with establishing pneumoperitoneum
in the RAPN group, were not readily reported.
This study represents the largest series of RAPN in the
setting of a solitary kidney. It also represents the only comparative study comparing the outcomes with OPN. The limitations include the retrospective, nonrandomized nature of
the series and the small number of cases in the RAPN groups,
particularly the small number of patients with complex tumors. The follow-up is relatively short, and longer follow-up
data are needed.
Conclusion

In the setting of NSS in a solitary kidney, presuming
careful patient selection and adequate surgical experience,
RAPN may offer comparable perioperative and short-term
functional outcomes for localized renal masses with low
R.E.N.A.L. score when compared with OPN. For more
complex tumors, our early experience suggests comparability, but these results were obtained in selected cases and by
high-volume surgeons. Future studies will need to validate
these results.
Disclosure Statement

Jihad Kaouk is a speaker for Endocare. Mohamad Allaf
receives a clinical research grant from Intuitive Surgical.
Michael Stifelman is a lecturer for Intuitive Surgical, and a
consultant for Surgiquest and Vascular Technology, Inc.
Craig Rogers is a consultant for Intuitive, Ethicon, and
Vascular Technology, Inc. Sam Bhayani is a consultant for
Surgiquest and Intuitive Surgical. Mark Ball receives a

1229

clinical research grant from Intuitive Surgical. For the remaining authors, no competing financial interests exist.
References

1. Campbell SC, Novick AC, Belldegrun A, et al. Guideline
for management of the clinical T1 renal mass. J Urol 2009;
182:1271–1279.
2. Ljungberg B, Cowan NC, Hanbury DC, et al. EAU
guidelines on renal cell carcinoma: The 2010 update. Eur
Urol 2010;58:398–406.
3. Kaouk JH, Spana G, Hillyer SP, et al. Robotic-assisted
laparoscopic partial nephrectomy for a 7-cm mass in a renal
allograft. Am J Transplant. 2011;11:2242–2246.
4. Hillyer SP, Bhayani SB, Allaf ME, et al. Robotic partial
nephrectomy for solitary kidney: A multi-institutional
analysis. Urology 2013;81:93–97.
5. Panumatrassamee K, Autorino R, Laydner H, et al. Robotic
versus laparoscopic partial nephrectomy for tumor in a
solitary kidney: A single institution comparative analysis.
Int J Urol 2013;20:484–491.
6. Panumatrassamee K, Kaouk JH, Autorino R, et al. Cryoablation versus minimally invasive partial nephrectomy for
small renal masses in the solitary kidney: impact of approach on functional outcomes. J Urol 2013;189:818–822.
7. Kutikov A, Uzzo RG. The R.E.N.A.L. nephrometry score:
A comprehensive standardized system for quantitating
renal tumor size, location and depth. J Urol 2009;182:
844–853.
8. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal studies: Development and validation. J Chronic Dis
1987;40:373–383.
9. Clavien PA, Barkun J, de Oliveira ML, et al. The ClavienDindo classification of surgical complications: Five-year
experience. Ann Surg 2009;250:187–196.
10. Kaouk JH, Khalifeh A, Hillyer S, et al. Robot-assisted laparoscopic partial nephrectomy: Step-by-step contemporary
technique and surgical outcomes at a single high-volume
institution. Eur Urol 2012;62:553–561.
11. Benway BM, Bhayani SB, Rogers CG, et al. Robot-assisted
partial nephrectomy: An international experience. Eur Urol
2010;57:815–820.
12. Lane BR, Novick AC, Babineau D, et al. Comparison of
laparoscopic and open partial nephrectomy for tumor in a
solitary kidney. J Urol 2008;179:847–852.
13. Ficarra V, Novara G, Secco S, et al. Preoperative aspects
and dimensions used for an anatomical (PADUA) classification of renal tumours in patients who are candidates for
nephron-sparing surgery. Eur Urol 2009;56:786–793.
14. Simhan J, Smaldone MC, Tsai KJ, et al. Objective measures of renal mass anatomic complexity predict rates
of major complications following partial nephrectomy. Eur
Urol 2011;60:724–730.
15. Khalifeh A, Kaouk JH, Bhayani S, et al. Positive surgical
margins in robot-assisted partial nephrectomy: A multiinstitutional analysis of oncologic outcomes (leave no tumor
behind). J Urol 2013;190:1674–1679.
16. Minervini A, Ficarra V, Rocco F, et al. Simple enucleation
is equivalent to traditional partial nephrectomy for renal
cell carcinoma: Results of a nonrandomized, retrospective,
comparative study. J Urol 2011;185:1604–1610.
17. Li QL, Guan HW, Zhang QP, et al. Optimal margin in
nephron-sparing surgery for renal cell carcinoma 4 cm or
less. Eur Urol 2003;44:448–451.

1230

18. Yossepowitch O, Thompson RH, Leibovich BC, et al. Positive surgical margins at partial nephrectomy: Predictors
and oncological outcomes. J Urol 2008;179:2158–2163.
19. Bensalah K, Pantuck AJ, Rioux-Leclercq N, et al. Positive
surgical margin appears to have negligible impact on survival of renal cell carcinomas treated by nephron-sparing
surgery. Eur Urol 2010;57:466–471.
20. Thompson RH, Lane BR, Lohse CM, et al. Renal function
after partial nephrectomy: Effect of warm ischemia relative
to quantity and quality of preserved kidney. Urology 2012;
79:356–360.
21. Mir MC, Campbell RA, Sharma N, et al. Parenchymal
volume preservation and ischemia during partial nephrectomy: Functional and volumetric analysis. Urology 2013;
82:263–268.
22. Simmons MN, Hillyer SP, Lee BH, et al. Functional recovery after partial nephrectomy: Effects of volume loss
and ischemic injury. J Urol 2012;187:1667–1673.
23. Simmons MN, Lieser GC, Fergany AF, et al. Association
between warm ischemia time and renal parenchymal atrophy after partial nephrectomy. J Urol 2013;189:1638–1642.
24. Lane BR, Russo P, Uzzo RG, et al. Comparison of cold and
warm ischemia during partial nephrectomy in 660 solitary
kidneys reveals predominant role of nonmodifiable factors in
determining ultimate renal function. J Urol 2011;185:421–427.
25. Choi JD, Park JW, Lee SY, et al. Does prolonged warm
ischemia after partial nephrectomy under pneumoperitoneum cause irreversible damage to the affected kidney?
J Urol 2012;187:802–806.
26. Becker F, Van Poppel H, Hakenberg OW, et al. Assessing
the impact of ischaemia time during partial nephrectomy.
Eur Urol 2009;56:625–634.
27. Khalifeh A, Autorino R, Hillyer SP, et al. Comparative
outcomes and assessment of trifecta in 500 robotic and
laparoscopic partial nephrectomy cases: A single surgeon
experience. J Urol 2013;189:1236–1242.
28. Ghavamian R, Cheville JC, Lohse CM, et al. Renal cell
carcinoma in the solitary kidney: An analysis of complications and outcome after nephron sparing surgery. J Urol
2002;168:454–459.
29. Saranchuk JW, Touijer AK, Hakimian P, et al. Partial nephrectomy for patients with a solitary kidney: The Memorial
Sloan-Kettering experience. BJU Int 2004;94:1323–1328.
30. La Rochelle J, Shuch B, Riggs S, et al. Functional and
oncological outcomes of partial nephrectomy of solitary
kidneys. J Urol 2009;181:2037–2043.

ZARGAR ET AL.

31. Rogers CG, Ghani KR, Kumar RK, et al. Robotic partial
nephrectomy with cold ischemia and on-clamp tumor extraction: Recapitulating the open approach. Eur Urol 2013;
63:573–578.
32. Tomaszewski JJ, Cung B, Smaldone MC, et al. Renal
pelvic anatomy is associated with incidence, grade, and
need for intervention for urine leak following partial nephrectomy. Eur Urol 2013. Epub ahead of print.
33. Hung AJ, Cai J, Simmons MN, Gill IS. ‘‘Trifecta’’ in
partial nephrectomy. J Urol 2013;189:36–42.
34. Buffi N, Lista G, Larcher A, et al. Margin, ischemia, and
complications (MIC) score in partial nephrectomy: A new
system for evaluating achievement of optimal outcomes in
nephron-sparing surgery. Eur Urol 2012;62:617–618.

Address correspondence to:
Jihad H. Kaouk, MD
Glickman Urological and Kidney Institute
Cleveland Clinic
9500 Euclid Avenue
Cleveland, OH 44016
E-mail: kaoukj@ccf.org

Abbreviations Used
BMI ¼ body mass index
CCI ¼ Charlson Comorbidity Index
CKD ¼ chronic kidney disease
GFR ¼ glomerular filtration rate
ICU ¼ intensive care unit
IQR ¼ interquartile range
NSS ¼ nephron sparing surgery
OPN ¼ open partial nephrectomy
PN ¼ partial nephrectomy
PSM ¼ positive surgical margin
RAPN ¼ robot-assisted partial nephrectomy
R.E.N.A.L. ¼ radius, exophytic/endophitic, nearness
to collecting system or sinus, anterior/
posterior, and location relative to polar
lines
RAPN ¼ robot-assisted partial nephrectomy
WIT ¼ warm ischemia time

